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MODEL S PLUS 3ZI 




A pluraiiiy of sealed 
blood sample lubes (34) are 
•housed in a rack (28) and a 
•plurality of these racks are 
vertically stacked, with the 
•sample tubes lying horizon- 
•tally. The racks are succes- 
sively deposited onto a hor- 
izontal conveyor bell (32) 
which is housed in and 
, moves longitudinally on a 
•t^ble (30) that rocks around 
its longitudinal a.xis to mix 
the samples in a semi-in- 
verting mode as a rack is 
stepped from the stack to a 
sample aspiration station 
(40) and/or thereat. The 
aspiration station (40) pref- 
erably includes a sample 
segmenting and diluting 

riiminSiorreade/(m Aspiration is accomplished by pushing a sample tube partially out from the carrier rack and on- 
f a seal ScS tip (^^^^^^^ ofThe aspiration probe. The tube (34) then is returned to the rack. The other tubes m that rack 
simiS a e Sated af er the rack is stepped to align each tube with the aspiration probe wuh table rockmg and sample 
rxin?Lcompanylng each advancing step of the rack (28). After a rack (28) has advanced through the asp.rat.on stat.on 
(40). it is stacked out of the way. 
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1 

METHOD AND APPARATUS FOR TRANSPORTING CARRIERS OF SEALED 

SAMPLE TUBES AND MIXING THE SAMPLE ^,,„a„„>r method and 
This invention concerns a sample mixing and transport method and 

apparatus for samples in sealed containers, the containers being 
transported in groups in rack-type carriers. More specifically, this 
invention is directed toward the full automation of hematology 
5 analyzers of the type which heretofore required the manual 

introduction of a blood sample held in an open-mouthed container. 
This goal of full automation is accomplished by transporting groups of 
sealed blood sample containers in racks to aad from the sample 
aspiration station of the hematology analyzer and. while approaching 
10 the aspiration station and/or thereat, tha samples ara aixad by 
rocking the carrier rack. 

Semi-automated hematology analyzers have been in common use for 
many years. U.S. Patent 3.549,994 teaches such a semi-autcmaced 
system for measuring a plurality of parameters of a whole blood 
,15 sample. In using this system, the premi.xed blood sample is introduced 

mar.ually into the system via an cpen-ocuthed sasoU cor.tair.ar. vhich 
• is held up to an aspirating prcbe. Although this system offered a 

significant advance in the art when first sold in 1963 as the Coulter 
Counter® Model S and there have been numerous subsequent improvements 
.20 to this system over the pasc 15 years. Che sample introduction his 

remained essentially unchanged. First, the sealed sample container is 
partially inverted several times manually to mix its contents, the 
sealing stopper then manually is removed, and then the open container 
is moved up into the aspiration tube. Not only does this procedure 
suffer from the various obvious drawbacks of manual handling, but also 
the opening of the whole blood container, which typically is under a 
small vacuum by virtue of the blood collecting technique, permits an 
; aerosol to escape into the laboratory close to the technician who is 

' operating the system. Such aerosol can contain blood related 

impurities and transmit disease, such as hepatitis. 

The need for avoiding the manual opening of the sealed blood 
sample container has been recognized. U.S. Patent 4.274.453 teaches a 
substantially manually fluid transfer device by which each sealed 
sample tube manually is placed upright into a free standing clamping 
35 jig which is provided with a vertically reciprocating aspiration probe 
having a seal penetrating tip. The probe with its tip is lowered 

OMPI_ 
"WIPO 



•25 



Best AvaUgkle Copy 



WO 85/01797 PCT/US84/01588 



nanually inco and through the sealed top o£ the saaple container by a 
lever arm mechanism and motion which is like the well-Vcnoum manual 
orange juice squeezer. The remote end of the aspiration probe feeds 
into an automated hematology analyzer. Besides its manual limitations 
5 and the one-a t-a-t ime handling of the sample containers, this device 
does not accomplish sample mixing. 

U.S. Patent 4,387,076 teaches a substantially automatic sample 
feeding arrangement which receives sealed sample tubes, moves them one 
at a time to a seal piercing and sample aspiration station, and then 

10 discharges the used tubes. This sample feeding arrangement is =iouncad 
inside a sample analyzer of the type taught in previously mentioned 
patent 3,549,994, which without benefit of this invention would 
operate semi-automat ically . Receipt of the sample tube at the in-feed 
station of this feeding arrangement initiates the repositioning of the 

15 tube to an aspiration station, which thereat enables all other 

handling seeps of the cube, sample aspiration, and the full syscam 
cycle of the analyzer to cause it co be fully aucomaced. This 
arrangement now is ccmerc ia li zed as the Coulter Counter^ Model S Plus 
V. Although this improvement is a significant step forward in sample 

20 handling, it does not provide for sample mixing. The sample 

containers need to be manipulated to mix the whole blood sample just 
prior to input of the tubes to the feeder mechanism. 

The typical method for manually manipulating the sealed sample 
tube to attain adequate mixing of the whole blood constituents is for 

25 the technician to grasp the tubular container in her hand with the 

ends of the tube extending from opposite sides of the palm, adjacent 
the thumb or index finger and little finger, respectively. The 
technician then rotates her wrist through an arc approaching ISO* many 
times to accomplish several semi-inversions of the tube. This mixing 

30 is not to be high speed, violent, or jerky, since the blood cells are 
fragile and not to be damaged by the mixing process, since cell trauma 
can affect the data results to be obtained by the hematology 
analyzer. 

Bench-top sample tube mixers have been marketed for years and 
35 there are several simple commercial units. One unit primarily rolls 
the tubular sample container on its long axis and iinparts alight end 
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c„.., .re CU„.- U « "di.l array. Although such dev.c. doe ^ 
.coo.pUah tub. end Uver.loo. it doe, not have the 

► II <i Patent 3.625,485 teaches 
action of the human wrist movement. U.S. Patent J. . 

reversing direction or rocking movements 
both the. rotating as well as reversing 

, ► K-.- rhat are cLipped onto a horizontal, 
for a few sealed sample tubes that are ciipp 

rotating axis. ,i .tia« tr-v which does siaulace . 

Another form of tube mixer is a tilting cr..y, wnic 
the =a„.a. ...ins «ode. One .u.h tr., U the Co..t.r. 3.ood ...,r and 
i, Sener.U, described in U.S. Patent 3.501.131. Th. tray hoi a 
, Jalit, of sealed .a^le tuh.a and i. roc.ed about .ta ax.a to 
.i.„iat. th. ^n„al ...i-inv.r.iona . After .a,pl. ~x..n, by ny or 
th.,. prior art .ix.r., .a=h tube i, re.ov.d aeparat.ly eror. th. 
„i,in/d.vice, =.nu,ny op.ned and tn.n th. saapl. content, ar. .ed 
into the h.=atoU,y analyzer. li =h. h.catolcy analy.er xa 
type of the a £or emanc loned paten- 3,3^9,y.-^. 

. ... sample is held u? into the hollov tipped 

sample tub^ wt.z:v iCo .-i.w- sa-pt- ^ 

. • ^w*. However if the analyzer is equipped with the 

asoiration probe. rto-fevec, ■> : . ^ 

^ - . A 3A7 076 as above dascribed. Che manua. 

automating feeder or patent .+ .337 .O/o. 

nneninz is avoided. . 
^he need for co^inins ,»pU ""'l' 
a ,eal.d ,a»ple container ha, been recojni.ed and d.,c o„d .n 
the prior art. U.S. Patent ..120,661 di,clo,e, a Ere. atand.os. 
,.l£!prosr».ed ,y,te» i. »hich individual .a.ple tube, ar. P^'"" 
oriaohtally into a vertic.Uy oriented pair - '"n:: " . " 

each individual tub. i, ^ved rt^ / Vl. I., 

end ,i.uUan.ou,ly. rotat.d around th. ions .=.1, Of t 

M. erential ,p..d of th. t»o feed ,crev, will .i.part a U..=.d .=ouot 
of end liftin, .otion to the tube,. At the botto. of th, down, 
peth of the feed ,cre., i, . horizontally di,po,ed and reotproc.t.n, 
..piration n.edl. vhich pierce, th. tub. ,eal and then 
.elple into a coupling line .hich fe.d, into a .epar.t.ly operating 
hJatology analyzer. Although thi, ,„te. do., co^.n. . ..^ ^ 
.ixin, ».d ..pirating of the .a.,1. fro. . ,..l.d containar. t i. a 
!.p„.t. unit fro. th. analyzer .y.te. and re^ir.. .ppr....bl. bench 
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space, requires che sample cubes to be input individually, does not 
fully simulate the desired manual mixing mode, and has other 
limitations. For example, the horizontal spacing between the vertical 
feed screws must be kept constant; hence, all of Che sample tubes 
5 being processed during any one period of time must be of the same 

exact length and aiso the same volume, since the diameter of the tube 
orast be constant and is factory predetermined because of the pitch of 
the feed screws. However, it is common practice to collect blood 
samples in Cubes of several different lengths and diameters and an 
; '•) iO optimized system should be able to receive sequancisliy any of :ha 
various diameter and length tubes, randomly.' 

United Kingdom Patent Application 820164. published on September 
29. 1982 as Patent Publication 2095403A discloses two forms of devices 
which combine sealed sample tube mixing and aspirating. One such 
15 device utilizes a form Che vertically rotating mixing disk 

arrange=eac. previously mentioned, and adds co i: a progra=i=ed 
aspiration station, for piercing the cube seal. A co^xiarcial fcrra oz 
cr^s device is fitted -ich :vo nlicir.g disks Co Iacre=^e throughout; 
one disk operates in a premix mode and the other disk provides final 
20 mixing and is being coupled to the aspiration station, with its seal 
piercing, reciprocating aspiration probe. Such device is sold as the 
Coulter* CASH" system, in which the aspiration station is the input to 
a Coulter Counter* Model S Plus system, which is an improved version 
^ of the system taught in the previously described patent 3.549,994. 

25 Although built and operated as an integrated systenr-mixer . seal 
piercer and analyzer— the conanercial version comprises two 
side-by-side units in which the aspirating scacion. in the mixing and 
aspirating unit, is coupled by a fluid line to the sample segmenting 
and diluting valve in the analyzer unit. The necessary length of this 
30 fluid line causes the amount of blood sample drawn from the sample 

tube to be greater than if the aspirating station was located within 
the analyzer unit and close to its segmenting, diluting valve. Also, 
the loading of the individual sample tubes on to the mixing disk and 
the capacity of the mixing disk are inherent limitations of this 
35 system. 
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The second device embodied in United Kingdom published 
Specification 2095403A has a greatly increased capacity and also is 
buiLt into the body of the hematology analyzer. This embodiment uses 
a plurality of tube racks, each holding a plurality of sealed sample 
tubes. The racks are manually, removably secured to the periphery of 
a horizontal drum, such that each rack has its base against the 
periphery of the drum and the racks are spaced around the drum; hence, 
the longitudinal axes of the numerous sample containers radiate from 
the hub of the drum and the sealed ends of the sample tubes are remote 
from and facing away from the drum. To accomplish sample mi:cin3. the 
drum rotates slowly to totally invert the racks and thus inverts the 
tops of the sample containers relative to their closed bottoms. A 
track system carries an aspirating needle over the length of the top 
of a rack, when it is positioned in one certain of the rotating drum 
determined positions. Thereupon, the needle sequentially is .driven 
into each sample container aspirates some sample, is viir.drawn from 
Che container, and then -is advanced horizontally to be positioned for . 
insertion into the c-.e;ct container in that rack. Although this system 
has advantages over all of the mentioned prior art, it does require 
insertion and removal of the rack from the drum in a limiting manner. 
Its engineering design is somewhat complex. It and the previously 
disclosed first embodiment do not simulate the manual mixing mode. 

The transporting of sample tubes in a plurality of racks, past a 
sampling station, is old in the art as evidenced by U.S. Patents 
3.575,692; 3.768.526 and 4.147.250. Generally, the sample racks are 
nilintlined in one plane, with the racks and the open mouthed sample 
tubes constantly remaining upright. Patent 3.575.692 teaches that the 
vertically dis^^osed racks and .heir vertically held sample cups can be 
transported by way of feed elevators disposed on opposite sides of the 
sampling Station. This patent does not teach the use of mixing or 
sampling by seal piercing as herein previously discussed, since the 
sample tubes are open to atmosphere at all times. 

The present invention permits a totally integrated system of 
hematology analyzer, sample carrier transport, sample tube mixer which 
simulates the manual mixing mode, and tube seal piercer. This goal is 
accomplished by a aimple. yet elegant, assembly which effectively has 
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an uQUmited capacity, with minimum of technician interaction at 
significantly spaced times. The sealed sample tubes are mounted xn 
racks which are stacked vertically above an in-^ut elevator. The racks 
are stripped one at a time from the bottom of the stack and lowered by 
5 the elevator onto a combined conveyor belt and tilt table. The 

conveyor advances a rack until a first of its retained sample tubes is 
aligned with the aspiration station having a seal piercing sample 
probe. When the rack is advancing to the aspiration position and/or 
when the tube generally is aligned with the aspiration probe, the 
10 conveyor belt cable rocks around ics lonsicudinal axis to siaulat^. cha 
manual mixing mode. After adequate mixing, the conveyor table is 
locked with a sample tube in precise alignment with the aspiration 
probe, Che table then being tilted "for-vard" so that the sealed Cube 
end is significantly below ics other end. Thereupon. Che cube is 
15 oushed rcr-vard partly from the top of Che carrier rack onco the seal 

oiercing probe cip. for saz^ple aspiracion. .Kizer aspiration, Che Cube 
is recurnad fully inco cha rack, Che CransporC Cable advances one sea? 
CO place Chenexc cube inco asoiracion posicicn and, preferably, one 
or more mixing rockings is accomplished before Che table again is 
20 locked into aspiration mode orientation. AfCer each encire carrier or 
tubes has been processed, it is stepped along the table to an output 
elevator and, successively, the racks are stacked vertically out of 
the wav. At a time and place during, or just prior to, sample 
aspiration, the identification of the sample is read automatically for 
25 correlation with that sample' parameter measurements. The aspiration 
probe is positioned next to the sample segmenting and diluting valve. 
At spaced times, the instrument operator can add several new racks of 
samples into the input stack and remove several already processed 

* 

racks from the output stack. 
30 By way of example, illustrative embodiments of the invention now 

will be described with reference to the accompanying drawings in 
which: 

FIG. I is a perspective, somewhat pictorial, view of a hematology 
analyzer with the sample mixing and sample tube carrier transporting 
35 feature of this invention; 
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FIG. 2 is a front elevationai view of a major portion of the 
carrier transporting and sample mixing structure of the invention; 
FIG. 3 is a side view taken along the line 3-3 of FIG. 2; and 
FIG. 4 is a side view taken along the line 4-4 of FIG. 2. 
With reference to FIG. 1, there is shown, somewhat pictorially, 
the entire hematology analyzer 10, which preferably is of the Coulter 
Counter® Model S Plus type, but that is not an essential limitation. 
The analyzer 10 has full capabilities for accomplishing sul t iparame cer 
hematology analysis from whole blood samples. It contains electronic, 
pneumatic and fluid moving compoaencs, generally as taught in patent 
3,549,994, as well as state of the art improvements, including but not 
O limited to microprccassor control. A portion of the power supply and 

pneumatic system can be housed in one or more units below the 
laboratory bench top on which the analyzer body of FIG. 1 sits. It is 
15 th3 seal of ;hi3 inv-n— Ion chat the sarzpie carrier ar.spor c ia^ , tub*% 
seal piercing and sample mixing system be integrated fully into Che 
body af Che analyzer 10, physically as well as Che program coniroLs, 
pne'j=nacic3, electronics and fluid moving ccmponencs; and this 
!•*: integration goal will be sec forth in Che preferred embodiment 

disclosed. However, the primary elements of the sample carrier 
transporting, seal piercing and sample mixing system are capable of 
being housed in a stand-alone module, with the aspirated sample then 
being fed from this module into the main body of the analyzer. Such . 
module configuration would be useful for retrofit with older styles of 

} 25 analyzers. 

As viewed from FIGS. 1 and 2, the right side of the analyzer 10 
will be the sample tube carrier input side and the left side of the 
analyzer will be the tube carrier output side. For ease of 
illustration and interpretation, the stacks 12 and 14 of racks are 
shown only in FIG. 2 and not in FIG. 1. Conversely, FIG. 2 shows none 
of the body or components of the. analyzer, a few of the components 
being shown, but not numbered in FIG. 1. Again with reference to FIG. 
1, the input stack of racks or carriers 12 is in an input compartment 
16, at the base of which is the platform 18 of an elevator mechanism 
35 20. The output aide of the systeta has a similar compartment 22, 

platform 24 and elevator mechanism 26. After the input side elevator 
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20 strips a carrier 23 froa the botcon of the input stack, by a 
procedure to be described subsequently, that carrier is stepped 
leftward along a transporting and mixing table 30. The top of the 
table supports a conveyor belt 32 and there is more than sufficient 
5 friction between the bottom surface of the tube rack 28 and the belt 
32 to accomplish leftward stepping of the carrier rack 28. each step 
being approxiaately the distance between the axial centers of the 
sealed sample cubes 34 in the rack. 

To penait vertical aovenent of the elevator platforTM 13 and 24, 

10 the belt 32 ioes not ovarlie the placfor^a. If Chars i.3 3c.= -j7. 

overlap of a carrier rack onto the belt 32, either at the iaiead or 
outfeed positions relative to the platforas 13 and 24. so as to 
iCcompUsh transfer from platforin 18 to belt 32 and chen co platform 
24, there can be provided seme simple "auxiliary" advancing mechanism 

15 (not shewn in 710. 1) to push sr pull cha carrier rack cha s;=all 

ciscanca co ar.i croa aiaquace e.-^sgiaeac vich :h:i ;cnvsyor zaz 22. 

Ic will 53 appreoiacad chac che positions sz 5a-/aral alaxjnrj 
need to be =ior.i-.crad rhroushouc Cha ir.carsctiva op-ration of rh= 
entire cycling of rack aovaaancs, mixing, seal piarcing, sanpliag, 

20 etc., etc. Such monitoring can be accomplished by various cypei or 
sensors, such as electrical and optical, well known in the art and 
commercially on the shelf. These sensors will not be all illustrated 
and their functions only sometime mentioned, since their use is well 
within the skill in the art. 

25 Tne conveyor belt 32 can advance the carrier racks 28 in any 

angular position which the transporting table 30 has attained, as well 
as during rocking motion of the table 30. FIG. 1 shows the table 
horizontal, front to back, which is its orientation when receiving a 
rack from the stack 12. via the platform 18 and also when delivering a 

30 rack to the platform 24. In TIG. 2. the transporting table is shown 
tilted forward, at which position the sealed ends 36 of the tubes 
would be at least 45* below horizontal; whereas, a rearward tilting 
orientation shown in FIG. 3 is at least 90' reversed from FIG. 2. The 
stepping drive for the conveyor belt can be of conventional design and 
35 will not be detailed herein, except for brief mention with FIG. 3. 
Likewise, the table rocking mechaniira, shown in FIG. 4, can be 
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semi-inversions of Che sealed sample cubes. If Che 

. 1 r 38 has HOC been nixed sufficiencly by che ci-e 

posicion sample Cube 38 has n ^^^^ ^^^^^^^ ^^^^^^^^ 

thac ic reaches aUgnnenC wxch Che P ^^^^.^^ 

belc 32 will scop scepping. buC Che cable 30 will . , , 

oeic w.. r svscea Co include a 

One way Co deCeraine adequace nixing is for che sysce 

One way co oe accepCable nunber of sanple 

. • n<-a-9»c to a miaiaum accepi.a«*-'s- 

councar which can be pre sec co a , • 

Th..e.fc«. .3pir.cioa, of sub"."- ';^'''.!:-:::. 

.-^ ^ac< being advanced one sea? anc/or wr.an 
U .Us..d Eo. .,.i..ao„. cn. cr.n».o„ c.M, c» ce - " 
-.0 ....... CO"""" »f ■-"=' 

--.-T varifia^ by a sensor -I. 



ii zhe end of c: 

.reacer a ^^^^ alxgnneac i 
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n ap.c Locked cheraa" unciL 
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„d ..vane, ic p«cly out fro» -=t< so Ch3. che s op.. 

„a .6 .sues . .C.ipp« b» ... .>.ovn in TIC. 4 oni. i.^h, 
liracioo prob. cip « Chen also i» .Us-^ -^h ch. o£ th. 

.... rr le Che ,.v,„cin, h. ch, p.sh .o. « viii -rive che ,e.^^ 

"2 nl'« one, ch, p.oh. cip. £oc pen.cr.cion chro^sh ch. .coppe.. The 

Tpi .cicn o.ohe i, co-ple. b, , sho.c lensch oE cub, Co che .np.c 
Lpie ,es..nci.. ena .iincins vei.e .S. .e....i £o™ o - h 
,0 -ell Lo-n .n. on. e,bo.i,..c i, ».,hc in O.S. P.cenc • 

r!irec.a eecpl. chereupon i. pr,ce„e. b, che co^oaenc, .n che ...n. 
Aspiracea sanp ,0 to aCCain nsilciparameCer blood 

.... : porcion of the heoaCology analyzer 10 to aCCain 

. . .V,. fi-st tube 38, the stripper bar 

After sanple aspiration fron che Eirsc 

d L rear to return the sanple tube 38 bacVc into 
35 44 i. driven toward the xear. ^^^.^^ 

its normal position in the carrier rack 28. Such 
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the seal 36 fro= the probe tip US. As well Vnown in the art the 

Ihe probleo of sanple carryover. Thereupon, the transport table 
be advanced and rocVced to present a next tube to the asp.rat.on 
station 40 and the aligned push rod 42. 

The mixing by rocicing. stepping into aspiration aUgnnent. and 
aspirating can continue until an entire rac. o£ tubes has been 
processed. That rack then i. adva.c.d along '..^ =ot^v^,cr =e . . 
until it overlies the elevator platior^n 24. By chat t x«e . a 



:-i oar- 



for a Ion? enough u 

aixad and its lead posUi^r.ed cube ro be close 
aspiration. scacion ^0. A plurality of rac'^s o 



ube concents to be ^decoaii: 
cubes chu3 can De 



procesaed without any human operator inter 



venticn or surervision. 



any convenient t icie before the inpu 



ack 12 ot carriers is deol--*.cec 



need of 



anoperawCr-a»»* .-j - 

pric.ssins. L.a rube can be loaded .a.^allv '^^^ 

prior CO the aspiracLon scacic;r-, ^^-^-^ .--^-^ . ^ ' 

that STAT tube can be loaded into a carrier 23 at the botto= or tne 
incut stack and the tube contents .ill become »i:ced by the already 
discussed rockin, table routine. Since such loading of a 3T..T tube 
usually would cean chat another cube would have to ba removed :r==: 
carrier, the oyster can be provided with a n,anua 1-ST..T progra. and a 
„anual-STAT aspiration probe, such probe being integral with the valve 

48. .. . 

A sample tube transporting arrangement as thus far descr.oec can 

he enhanced by automated sample identification. To provide machine 

readable indicia on sanple racks and on saople tube labels xs well 

known in the art. The stepping of the racks 28 al.ng the conveyor 

belt 32 ana the pushing of the tubes partially fro« and back xnto the 

carrier provide more than sufficient movement, at appropriate speeds. 

for there to be utilized state of the art identification readers, such 

a, an optical bar code reader or a magnetic character recognition 

reader. Such a reader 50 can b. fixedly positioned over the path of 

OMFl 
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the racks and the individual tubes and be in the same support as the 
alignmant sensor 41. 

At this juncture of the description of the preferred enbodimen,, 
the primary features of the method and apparatus have been disclosed. 
5 Reference to FIG. 2 now will help in emphasizing that which has been 
described, in coordination with other details of structure and 
operation. Looking at the transporting and mixing table 30, it will 
be appreciated that it ^xter.ds over the elevator plstfortis 13 and 24 
and, therefore, the table has cutouts 52 and 54 to enable the 
10 pIa:for:=3 13 and 2^ Zo b-i raised thareabove ar.d cc-e into zcr.zacZ vlth 
the position of the lowest carrier in the stacks 12 and 14 in the 
compartsents 16 and 22, respectively. The elevators 20 and 25 can be 
operated by pneuaacic cylinders, rot 3ho«-m. At the boczca of each 
compartaent, underlying the bottoa-aost carrier, are four retractable 
15 support fingers, of which only the three fingers 55, 53 and 60 are 
il lu3Craced, 

Vnsn Che elevator 20 rjises the pl^cforz: 13 ir.co concacc wi:h the 
bottom-most rack 62 and Chen raises the rack slightly abovo the 
Fi'nT-T-a ^in-y^rs 56 and 53 are retracted autonat ic a 1 ly to allow 

J ho tliat rack to prccaec dc-r.vari cn plat rem a-d be dapoiic-d oz zo 

the table 30, which then would be in the horizontal position. The 
fingers will return to their supporting orientation for the next 
^••^ following rack. One manner of implementing the retraction action of 

the fingers 56 and 53 and other elevator position de£3rmined responses 
25 by the apparatus can be by the tripping of a microswitch 64 by a 
cammiag piece 66 at the bottom of a follower element 68, which is 
attached to the bottom of the platform 18; the camming piece attaining 
the position of the microswitch when the platform is supoorting the 
bottom-most rack in the stack 12. The support finger 60 and its not 
I!I*30 illustrated mate in the output compartment 22 are not automated, since 
•••• they merely need to be able to pivot upward, temporarily out of the 

way when the platform 24 raises a rack into contact with and then 
above Chose fingers. Once clear of the bottom surface of that rack, 
these fingers will spring back horizontally to support the rack and 
35 the elevacor 26 can retract the platform. 
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Once a rack 28 is on the rocking table 30 ac its right or input 
side, a position not shown in any of the FIGS., it might not 
sufficiently rest upon the conveyor belt 32 to be advanced leftward. 
Hence, a sprocket 70 is mounted at the right end of the conveyor belt 
5 and will catch onto and drive the bottom of the carrier until the 
carrier overlies the belt enough for frictional advancement. A 
similar sprocket 72 is at the outfaed end of the belt, to ensure that 
the carrier is fed properly onto the output platfor-i 24. The 
sprockets 70 and 72 are rotated by the movement of the conveyor belt. 

10 via shafts at the ends of the belt. 

FIG. 2 shows the rooking table in its forward position and locked 
in preparation for sanple aspiration and/or sample identification; 
however, the lead-position sample tube 33 has not yet been pushed 
forward by the push rod 42 and therefore the stripper bar 44 also has 

13 not been advanced. The locking of :h- tabla and the ir=:cb 1 1 at ion 

the belt are triggered by the Lead-position tube 33 being aligned vi.h 
the push rod 42. Such orientation is sensed by :he alignment sansor 
41, which deactivates the conveyor belt driva and loc^is up a datent, 
not shown, under the table. 

20 The aspiration probe tip 46 is not visable in TIG, 2, but is 

shown in FIGS. 1 and 4. It is mounted in a pivotable block 74 which 
carries both the probe tip and, at right angles thereto, a backstop 
76. In a preferred code of operation, each saaple tube axially is 
advanced twice by the push rod 42 and twice returned into the carrier 

25 by the stripper bar 44. A first axial forward movement and/or the 

return movement fully into the carrier permits sample identification 
by the reader 50. The second axial forward movement is for seal 
piercing and aspiration. During the reading step, the backstop 76 
provides a backstopping function by being in an* abutting position just 

30 forward of the stripper bar. During aspiration, as shown in FIG. 4, 
the block 74 is pivoted to place the aspiration probe tip 46 into 
axial alignment with the tube. 

Although reading of sample identification and piercing of the 
tube seal easily could be accomplished in the same forward axial 

35 movement of the. tube, or reading could be in either or both the 

forward and return movements, it is preferred to separate these steps 
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as an economic feature. If Che identification label is unreadable for 
any reason, it would be wasteful of sample aliquot, analyzer cycling 
time and reagents to process that sample. Hence, if the reader 50 
signals a non-read condition in a separate step, before the aspiration 
5 probe tip 46 is aligned with the sample seal 36, then the entire 
sampling and analyzing cycles can be omitted for that tube. To 
contend with an apparently unreadable labels that tube can be ejected 
totally from the carrier by an ejection ran 84 positioned just beyond 
the aspiration station 40. For ease of illustration, only a sample 

10 tube in the niddle of the rack in FIG. 2 and the saaple tube shown in 
FIG. 3 are shown with a label 77, for example a label carrying bar 
coded indicia, A receiving basket, not shown, will catch the ejected 
tube, which then can be processed manually or otherwise handled. The 
ejection cycle also can be triggered by a fully accepted, aspirated 

15 and analyzed sample, if the analyzer were to "flag" an abnormal 

condition or parameter which tzighc require further, prospt technician 
handling. 

^ Various other safety and program signaling sensors are provided, 

but are within the skill of the art and are not needed to be described 
herein for a full understanding of the invention. Also, the label 
reading could be accomplished by other relative motion between the 
sample tube and a reader. For example, the leftward movement of the 
• conveyor belt, or causing the tube to be rotated around its 

longitudinal axis at the reading station, or having a movable reading 
25 head could each be acceptable modes of achieving relative motion for 
label reading either at or prior to the time that the sample tube 
reaches the aspiration station 40. 

At the bottom of the arcuate path of the aspiration probe tip 46 
is a backwash fluid receiving trough 78. Similarly, there is a 
30 backwash trough 80 below the manual-STAT aspiration probe 82. This 
\ manual-STAT probe will pivot forward when the segmenting valve 48 is 

in sample aspiration orientation. Backwash structures and functions 
for aspiration probes and sample valves are well known and taught, for 
example, in U.S. Patents 3,976,429 and 4,148,859. 
35 Turning next to FIG. 3, it is an elevational view, taken along 

the line 3-3 of FIG. 2, partly in section and partly broken away. 
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looking from Che end ot the right side of the transport table 30 at a 
time when it is in the rearward orientation, i.e. when the tube seal 
36 is above the other end of the tube. The arrow 86 is pointing to 
the front of the analyzer. The tube 34 is seated fully in the carrier 
5 28, with the top side of the conveyor belt 32 in frictional engagement 
with the bottom surface of the carrier. Since the belt 32 is mounted 
as an endless track, it has a return portion 88 underlying the top 
surface 90 of the table 30. Although any one of many belt drives 
could be employed, a simple frictional, incremental form has proved 
10 effective. A pusher block 92 is catafiiable upward against the return 
belt portion 88 as it pushes it in the direction outward from the 
plane of the drawing, i.e. rightward with reference to FIGS. 1 and 2. 
to cause the upper surface 32 of the belt to advance the carrier in 
the proper leftward direction of FIGS. 1 and 2. The pusher block 92 
15 is programmed to advance a distance slightly more than the desired 
stepping distance between adjacent tubas in Che carrier and then it 
recurns to its original position, for a next reciprocating movement. 
During the return movement of the pusher block, into the plane of FIG. 
3, the camming is removed and the belt is not moved. The alignment 
20 position sensor 41 signals a step pushing command Co the block, to 

stop it and thus to release it from its cammed orientation, and enable 
it to return to its start-to-push "home" position. 

The FIG. 4 forward orientation of the transport table 30 is shown 
also in FIG. 2; however, FIG. 4 shows the component aspiration 
25 position of the tube 38, the push rod 42, the stripper bar 44. the 
aspiration probe 46, and the pivotable block 74. Also shown is: a 
pneumatic cylinder-driver 94, which is coupled to the pivotable lock 
74, to effect the positioning of the probe 46, or the backstop 76; a 
similar driver 96 coupled to the stripper bar 44 for driving the 
30 sample tube back into the carrier after aspiration; and the end of 
another driver 98, which is pivotably coupled Co a support and 
direction translator 100 of the tilt table 30. Generally horizontal 
reciprocation of the driver 98 translates into arcuate movement of the 
support 100, thereby rocking the table at least 45* above and below 
35 horizontal. 
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The primary and many secondary features of construction and 
operation of this sample carrier transport and mixing, with sealed 
tube piercing and aspiration system have been illustrated and 
described to the extent that those skilled in the art should be 
enabled not only to understand the embodied invention, but also to 
practice same without undue experimentation and development. 
Variations and substitutions of equivalents are capable of being made 
without departing from the spirit and scope of the invention as 
defined in the appended claims. 
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WHAT WE CLAIM IS: 

1. A method for transporting carriers of sealed sample tubes, 
mixing the sample material in the tabes and piercing the tube seals 
for feeding of the sample material into a sample analyzer, each 
carrier holding a plurality of the sample tubes, said method 
5 characterized by the steps of: advancing each of a series of the 

carriers along a longitudinal path from an input location to an output 
location, there being a seal piercing station between those locations; 
rocking the path around its longitudinal axis such that the sample 
cubes undergo a plurality of partial inversions during which the 
) 10 sealed end of each tube is rocked above and below the other end of the 

tube; said rocking being accomplished a plurality of times and in a 
sufficient manner for the sample material to be adequately mixed, but 
not damaged, just prior to seal piercing; and stopping said carrier 
advancing at the seal piercing station for a time duration sufficient 
15 for seal piercing and sample feeding into the analyzer; said rocking 
being accomplished during at least one of said advancing and stopping 
steps. 

2. The method of claim 1 which further is characterized by the 
step of placing the carriers on the path such that the sample tubes 
are generally horizontal, with the longitudinal axis of each tube 
lying generally transverse to the longitudinal axis of the 

5 transporting path. 

3. The method of claims 1 or 2 which further is characterized by 
the steps of stacking the carriers horizontally in a vertical stack 
above the path input location and sequentially depositing each carrier 
onto the path at the input location. 

4. The method of any one of claims 1 to 3 which further is 
characterized by the step of removing the carriers from the output 
location aid stacking them horizontally in a vertical stack proximate 
Co the output location. 
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5. -n.. ~chod of o. cl.i.. 1 to 4 further char.ct.rU.<l 

th. .t.p Of coor.io.ti.g ..i- .^..""»«. 
,„ch th.. ..ch tu.. U .dv«c.. ..,«.«ti.U, to the 
.„tio.. .«a Ch.r. i. .tt.i..d . ...I pUrcia, orientation -h.ch 
, r...!.. eo. of the tnb. i. K.U .i.oif Ua.tl. lower than the other 
end of the tube. 

6. The method of any one of claims 1 to 5 which further is 
characterized by the steps of positioning and holding each sample tube 
partially out fro. its normally held position in the carrxer. such 
. Poacioning being accomplished at the seal piercing station and by 

' 5 axial translation of the sample tube. 

7 The method of claim 6 in which the seal piercing station 
includls a probe with a seal piercing tip. said method further 
characterized by the step of orienting the p.erc.ng t.p such that sa.d 
.ube positioning and holding steps enable the seal to be p.erced by 
5 the tip. 

8 The ~thod of clai. 7 in «hich the ae.l piercing .t.tio. i. 
pert oi a ...pl. a.piratio. .tatio. and the pi.r.in, cip feed. Into an 
aapir.tio. line coupled to a aaa^I. ..^ntin, and dilution valve 
..id ™thod further ch.r.cteriaad h, the ,t,p of te.din, the sa^la 
„„rial fro. the tub. into the valve h, ..peci.lly .hoct coupUn. 
™an.. auch that a .i.i~l a«u.t of .a.pl. .atarial I. ..pirated for 
aaalyziag- 

9 The method of clai- 6 in which the sample tube, carry -chin, 
readable indicia, .aid method further characterized by the. t.p. of 
returning the tub. fro. it. p-rti.Uy out po.icion to it. norma ly 
t^eld po.ition in the carrier and reading the indicia dur.ng at lea.t 
one of .aid positioning, holding out. and returning .tep.. 
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10 The ^thod of .ny on. of cl.i-. 1 to 9 further ch.r.cterired 
by the .tep of ejecting .elected .ample tube, completely from the 
crrier «hen the carrier he. .dv.nced .ny such .elected tube to . 
po.ition .long the p.th between the .e.l piercing .t.tion and the 
output location. 

11 Th. ~thoa o« cl.1. 10 «h.r. .pp.na.a to ol.i. 9 furth.t 
ch.r.ct.rl.«. by th. .t.p. Of a.t.r.lnl«, th.t . tub. r««lr.. 
r.J.otl»,, .«ob d.t.r.d».tlo. b.1., .coo-plLhrf during ..Id .t.p of 
r..dlo,. «.d inhibltl., £..di»9 of tb. .~.pl. m.t.rl.1 to th. .h.lyt.r. 

,2 Ah .pp.t.t.. for .r.n.porti., c.rri... of ...LI 
.i.i«.'ch. ...p.. ..t.ri.. I. the tub.. .«d Pietcl.. l"'"'^" 
tor f..di.g th. .»pl. to .u .o..,..r. ..ch crcr o.p.b.. of ho.d.hg 

. plur.lit, of tb. .~pl. tub id .ppT.tu. ch.r..t.r...d b,: 

t.bU b.«i«. . l.u.it«dih.l ..I.. ..Id ..bl. b.i.. cou.truct.d .hd 

.„..,.d to b. toch.d .round it. longitudinal ..i.. on. lonsitud.n.l 
.„d .« ..id t.bl. b.io, it. c.rrl.r input .nd .nd th. oth.r 
U„,itudin.l .nd b.in. it. c.rri.r output .„d= r.rri.r t.nv.,or ...n. 
.upport.d b, ..id t.b.. .nd .o..truct.d .nd .rr.n..d .or 
..Id tub. ..rri.r. .v.r th. .urf.=. of ..id t.bl. fro. pro..-t. ...d 

input ..d to proxi-t. ..Id output .nd. ..id con,.y.r ~.n. b.i.. 
rold -h...,.r ..id t*I. i. roCd .nd tb.r.by roc.in. .n, c.rri r. 
th.r.». »d th. .-p.. tub.. h..d th.r.in; tub. .... piTcin. -.n 

«u.t.d .dj.c... to ..id t.b,. .t . loctio. b.t...n i . ..id iopu 
.nd output ..d.; dri.. «.n. for rothin. ..id t.bi. «.d 
oon,.,or .^n.. ..id dri,. ~.n. b.in. .on..ru.t.d 

th.t tb. .«P1. tub., in . c.rri.r on th. con,.y.t -tU * 
Plur.lit, of p.rti.l i.v.r.lo.. durin. -hlch th. ...Ud .nd of ..ch 

n. roov.^ .b.v. Wlo. th. otb.r .nd of th. tub. for 
.i.in.. ..id dri,. f».th.r b.i.. ....tructod .nd 

.d,..! . ..rrUr on ..id .o...,or -.n. to brin. th. .-pl. ub.. 
Int. .ub.t..ti.. .li.-~t .Ith ..id ...I Pi.rcin, -nd th.. for 
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stopping said conveyor means for a time duration sufficient for seal 
piercing, said drive means also being constructed and arranged to 
effect the table rocking during at least one of the conveyor advancing 
and conveyor stopping times. 

13. The apparatus of claim 12 which further is characterized by 
carrier stacking compartments proximate to said input and output ends, 
said compartments being constructed and arranged for storing a 
plurality of said carriers with the sample tubes, such that the sample 
tubes have their longitudinal axes generally horizontal. 

14. the apparatus of claim 13 which further is characterized by 
carrier transfer mechanism for transferring the tube holding carriers 
one at a time from the input end stacking compartment onto said table 
in a generally horizontal orientation, said table being mounted in a 
generally horizontal orientation as the tube holding carriers are 
being transferred. 

13. The apparatus of any one of claims 12 to 14 characterized in 
which said tube seal piercing means is mounted below the level 
attained by the tubes when each tube is advanced into substantial 
alignment with said piercing means, said table being constructed to be 
held in a forward rocked position with the tube sealed end being below 
horizontal and said piercing means being constructed to be held 
inclined for axial alignment with the longitudinal axis of the sample 
tube. 

16. The apparatus of claim 13 further characterized by sample 
tube positioning means for positioning and holding a sample tube 
partially out of and forward of its carrier, after that tube has been 
placed into axial alignment with said tube seal piercing means, to 
thereby drive the sealed end into the seal piercing means, such that 
the tube seal is pierced. 
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17. The apparatus of any one of claims 12 to 16 characterised in 
which said seal piercing means is constructed to receive sample 
material from the sample tube and feed the sample material directly to 
a closely coupled sample segmenting valve. 

18. The apparatus of claim 17 characterized in which said seal 
piercing means and said sample segmenting valve are housed in a sample 
analyzer. 

19. The apparatus of any one of claims 12 to 18 characterized in 
which the entirety of said apparatus is housed within and closely 
coacts with a hematology analyzer. 

20. The apparatus of any one of claims 12 to 19 which further 
is characterized by indicia reading means mounted along the path of 
movement of said sample tubes. 

21. The apparatus according to any one of claims 12 to 20 
characterized in which said table is constructed to rock approximately 
90- or more V« ecu... tou^ ?^<Vcxa.\ .<xo^c^C^*^& <^ ^ ^^v^W. Vc:,io« . 

22. The apparatus according to any one of claims 12 to 21 
characterized in which said drive means includes structure for 
advancing said carriers from said input end to said conveyor means and 
sensor means for detecting alignment of each tube with said tube seal 
piercing means for thereupon stopping said conveyor means. 
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